Purpose: Crohn disease is characterized by high rates of recurrence and reoperations. However, few studies have investigated long-term surgical outcomes in Asian populations. We investigated risk factors for reoperation, particularly those associated with anti-tumor ne crosis factor-α (anti-TNF-α) antibody use, and long-term follow-up results. Methods: We reviewed the records of 148 patients (100 males and 48 females) who underwent surgery for gastrointestinal Crohn disease and retrospectively analyzed long-term outcomes and risk factors. Results: The mean age at diagnosis was 28.8 years. Thirty-eight patients (25.7%) received monoclonal antibody treatment before reoperation. A small bowel and colon resection was most commonly performed (83 patients, 56.1%). The median follow-up was 149 months, during which 47 patients underwent reoperation. The median interval between the primary and the secondary surgeries was 65 months, with accumulated reoperation rates of 16.5%, 31.8%, and 57.2% after 5, 10, and 15 years, respectively. Obstruction was the most common indication for reoperation (37 patients, 25.0%). In a multivariable analysis, age <17 years at diagnosis (A1) (odds ratio [OR], 2.20; P = 0.023), penetrating behavior (B3) (OR, 4.39; P < 0.001), and no azathioprine use (OR, 2.87; P = 0.003) were associated with reoperation. Anti-TNF-α antibody use did not affect the reoperation rate (P = 0.767). Conclusion: We showed a high reoperation rate regardless of treatment with anti-TNF-α antibody, which indicates that recurrent surgery is still needed to cure patients with gastrointestinal Crohn diseases. Younger age at primary operation, penetrating behavior, and no azathioprine use were significant factors associated with reoperation for gastrointestinal Crohn disease.
INTRODUCTION
Gastrointestinal Crohn disease (CD) is a chronic inflammatory bowel disease with an unpredictable clinical course. Although long-term management of CD can be achieved with anti-inflammatory or immunosuppressive drugs, most CD patients experience repeated relapses and remission of inflammation. Surgical treatment becomes necessary when an intestinal obstruction or perforation occurs, with or without an abscess or fistula. Currently, there is no cure for CD; approximately 80% of patients un-dergo surgery during their lifetimes, and more than half of these patients require reoperation for recurrent CD after surgical treatment [1] [2] [3] [4] [5] . Recent reports indicate that infliximab, a tumor necrosis factor-α (TNF-α)-specific antibody, is significantly prophylactic against recurrent CD [6] . A human monoclonal antibody, adalimumab, has also been introduced with encouraging results [7, 8] . However, a complete cure for CD is not yet available, despite these new treatment modalities.
Many studies in Western countries have investigated the risk factors for reoperation in patients with CD and have identified the extent of disease at diagnosis, the presence of a perianal fistula, family history, smoking history, and perforating disease as risk factors. Accordingly, these risk factors are important for the postsurgical management of patients with CD [5, [9] [10] [11] [12] . However, the risk factors for reoperation in Asian patients may differ from those in Western patients because Asian populations exhibit clinical characteristics (e.g., serologic and genetic types) different from those of Western populations [13, 14] . Although we previously reported the surgical outcomes and high rate of reoperation for our patients with CD, which were similar to those of Western patients, no studies have investigated the long-term surgical outcomes related to reoperation according to anti-TNF-α antibody use in Korean patients with CD. This study, therefore, aimed to evaluate the long-term outcomes of surgical treatment for gastrointestinal CD according to anti-TNF-α antibody use and to analyze the risk factors for reoperation in Korean patients with CD.
METHODS
This study was approved by the Institutional Review Board of the Seoul National University Hospital (H-1503-088-657). We identified 148 patients who had undergone surgery for gastrointestinal CD at our institute from 1978 to 2013. Most patients were diagnosed according to preoperative clinical impressions, endoscopic findings, and pathologic results. Patients who had previously undergone surgery for anal CD alone were excluded from this study. We retrospectively reviewed the patient's medical records to investigate sex, ages at diagnosis and primary operation, smoking habits, body mass index (BMI), medication history, indications of primary operation and reoperation, types of primary operation and reoperation, location of disease, length of bowel resection, and postoperative complications. We used the Montreal classification to classify patients with CD; this is a 2005 revision of the Vienna classification (Table 1) [15] . We also compared patients with BMIs above and below a BMI threshold of 18.5 kg/m 2 to determine the effects of being underweight (BMI <18.5 kg/m 2 ) and nonunderweight (BMI ≥18.5 kg/ m 2 ) [16] . We defined a primary operation as the first operation for a patient with gastrointestinal CD; a subsequent operation because of disease recurrence and relapse was defined as a reoperation. The long-term cumulative reoperation rates before and after 2002, the first year of anti TNF-α antibody (infliximab) use, were evaluated and compared. We further verified the risk factors for reoperation, including the use of anti-TNF-α antibody, in our study population.
The statistical analysis was performed using IBM SPSS Statistics ver. 21.0 (IBM Co., Armonk, NY, USA). In a univariate analysis of the risk factors for reoperation, the chi-square test was used to compare categorical variables, and the Student t-test was used to compare continuous variables. The cumulative reoperation rate was derived from a Kaplan-Meyer analysis. In the multivariate analysis, a Cox regression analysis was used to compare the cumulative reoperation rates. Statistical significance was indicated at a P-value <0.05.
RESULTS

Clinical characteristics and primary operation
The patients' clinical characteristics are shown in Table 2 . One hundred patients were male, and 48 were female. The mean ages at diagnosis and primary operation were 28.8 and 31.9 years, respectively, and the mean interval from diagnosis to primary operation was 57.7 months (range, 0-209 months). Eighty (54.1%) and 60 patients (40.5%) had taken medication for CD before and after the primary operation, respectively. Thirty-eight patients (25.7%) used anti-TNF-α antibodies. An additional 16 patients used infliximab before the primary operation, and 22 began to use infliximab after the primary operation. Three patients used adalimumab and two patients used both infliximab and adalimumab after primary operation.
The rate of primary surgery for CD has recently increased at our institute ( Fig. 1) . Obstruction (n = 37, 25.0%) was the most common indication for primary surgery, and small bowel and colon Table 3 ). The most common complication was wound seroma (n = 16, 41.0%).
Follow-up and reoperation for recurrence
The median follow-up period was 149 months (range, 5-395 months), and 47 patients (31.8%) underwent reoperation after a median interval of 198 months (range, 14-330 months). Bowel obstruction (n = 14, 29.8%) was the most common indication for reoperation, and small bowel resection (n = 27, 27.4%) was the most common reoperation procedure ( required a third operation, 4 (2.7%) a fourth operation, and 1 patient (0.7%) a fifth operation (Fig. 2 ), and they all had undergone a small bowel and colon resection (Table 5) . After the primary operation, the 5-, 10-, 15-, and 20-year cumulative reoperation rates were 17.4%, 31.5%, 57.0%, and 68.7%, respectively (Fig. 3) .
In the reoperation group, 29 patients underwent a primary operation for penetrating disease, among whom 22 (75.9%) required reoperation for recurrent penetrating disease. Seventeen patients underwent a primary operation for nonpenetrating disease, among whom 10 (58.8%) required reoperation for recurrent nonpenetrating disease. A significant difference in sustained disease behavior was observed between the groups (P = 0.029).
Analysis of risk factors for reoperation
In a univariate analysis of the risk factors for reoperation, according to the Montreal classification, the behavior (B) significantly affected the reoperation rate (P = 0.010), as did the interval from diagnosis to primary operation (P = 0.027). However, medication use, including anti-TNF-α antibodies (infliximab or adalimumab), did not significantly affect the reoperation rate (Table 6) . In a multivariate analysis via a logistic regression, an age <17 years at diagnosis (A1) (odds ratio [OR], 2.20; 95% confidence interval
[CI], 1.12-4.31; P = 0.023), penetrating behavior (B3) (OR, 4.39; 95% CI, 2.19-8.80; P < 0.001), and no azathioprine use (OR, 2.87; 95% CI, 1.43-5.76; P = 0.003) were associated with a significantly higher reoperation rate (Table 7) . In contrast, no significant difference in the cumulative reoperation rate was observed according to the year of primary operation (before and after 2002) rela- Long
tive to anti-TNF-α antibody availability (P = 0.984 and P = 0.767, respectively) (Fig. 4) .
DISCUSSION
In this study of a Korean population, the cumulative reoperation rates for gastrointestinal CD were found to be 31.8% and 68.9% at 10 and 20 years after the primary operation, respectively. An age <17 years at diagnosis (A1), penetrating disease (B3), and no azathioprine use were found to be significant risk factors for reoperation in patients with CD. However, anti-TNF-α antibody use was not a significant risk factor. In eastern Asian countries (e.g., Korea, China, and Japan), the incidence of CD has recently increased, despite the traditional categorization of these areas as countries with low CD incidence. In Korea, the reported annual incidence rate has increased from 1.34 per 100,000 inhabitants in 1986 to 11.24 per 100,000 inhabitants in 2005 [17, 18] . Our data similarly showed an increase in the number of patients with CD who had undergone surgery (Fig. 1) , and our observed reoperation rates were as high as those in Western studies of CD (38% and 52% at 10 and 20 years, respectively) [9, 19] . Similar reports of the long-term outcomes (<35 years) of patients with CD in Asian countries are very rare. Given the dramatic changes in CD [20, 21] . More recently, adalimumab, another anti-TNF antibody, has been investigated as a second-line anti-TNF-α therapy for patients who have developed an intolerance to infliximab [7] . Despite some reports of infliximab-induced reductions in the recurrence rate after primary surgery [22, 23] , no previous studies have evaluated whether anti-TNF-α antibody use would improve the reoperation rate among patients with CD who had undergone a previous operation [24, 25] . In our study, no significant differences were observed between patients who had and had not used anti-TNF-α antibody therapies. Similarly, we found no significant differences between patients who underwent surgery before or after 2002, the first year during which anti-TNF-α antibodies were used at our institute. In Korea, anti-TNF-α antibodies are used to treat severe CD because of a strict insurance system that limits the use of infliximab for treating CD to patients who have already tried two other types of medications and have CDAI scores >220 or to those with a fistulizing CD who have already used two other kinds of treatments; accordingly, our patients who had used these drugs had more severe and more complex disease. As a result, it is difficult for Korean patients in an earlier phase of CD to obtain infliximab, a factor that might interfere with the ability to demonstrate an association between infliximab use and better treatment results. In fact, another study failed to demonstrate a reduction in the reoperation rate following the use of anti-TNF-α antibodies and indicated a need for earlier infliximab treatment [26] . Additional studies have suggested that top-down therapy might be more effective than conventional management for patients in remission [27, 28] , although the effect of top-down therapy on the CD reoperation rate is not yet well established. Although anti-TNF-α antibodies are currently expected to provide effective treatment for CD, recurrent surgery still remains necessary for patients with CD.
In our study, patients younger than 17 years at diagnosis (A1) had a higher reoperation rate. However, the influence of age on the reoperation rate among patients with CD remains controversial [2] . In our study, younger patients did not have a significantly longer period of disease relative to older patients (167.5 months in A1 vs. 144.8 months in others, P = 0.170). As a result, other disease factors might affect the reoperation rate. One study showed that patients diagnosed at a younger age tended to have a positive family history of CD and more complicated disease [29] . Another recent study reported that the phenotypes of younger patients with CD differed from those of older patients [30] . Although that study did not report a higher risk of reoperation, it suggested the existence of different intrinsic disease components in younger patients. Similarly, our study also demonstrated differences in the composition and location of CD. Approximately 59% of A1 patients had ileocolic disease (L3) whereas approximately 62% of A2 and A3 patients had ileal disease (L1) (P = 0.001). Finally, some studies reported an association between NOD2/ CARD15 genotypic mutations and the age at CD diagnosis [31] [32] [33] ; however, this mutation has not been detected in Eastern Asian patients with CD [13, 34] . We also observed a higher reoperation rate among patients with penetrating disease (B3). Many studies have shown an increased risk of earlier reoperation with perforating disease [10, 35, 36] , and some of these studies have suggested a trend toward recurrent perforation in patients previously treated for perforating disease. Because complicated disease behaviors such as penetrating or stricturing disease require surgical treatment [37] , the reoperation rate may be higher among such patients. In the present study, more than half of the patients had penetrating disease at the primary operation, and these patients exhibited a significant likelihood of reoperation for penetrating disease (n = 23, 74.2%, P = 0.038). We might consider that these disease behaviors originate from a more aggressive intrinsic disease property that leads to a higher reoperation rate among affected patients.
Only azathioprine treatment effectively prevented reoperation in this study. Azathioprine is an effective medication for the postoperative management of CD, and some studies have reported reduced rates of surgical relapse of CD after long-term postsurgical thiopurine use [38, 39] . A prospective study previously demonstrated a lower rate of clinical recurrence with azathioprine use than with mesalazine use, despite also reporting a higher azathioprine discontinuation rate because of adverse drug reactions [40] . Another study reported the preventive effect of 6-mercaptopurine, with a 27% reduction in clinical recurrence and a 16% reduction in radiological recurrence relative to a placebo group [41] . Yet another study reported reduced risks of clinical recurrence [42] . Additionally, a study reported that long-term (>36 months) maintenance treatment with thiopurine decreased the risk of surgical recurrence (hazard ratio, 0.41; P = 0.004) [38] . In our patients, the effect of azathioprine was also superior to that of 5-aminosalicylate acid alone (P = 0.033). This study had some limitations. First, the study was designed retrospectively, leading to a possible failure to evaluate many factors associated with the CD status because of missing data. Selection bias resulting from the operator's inclination is also possible. The small study size relative to those in Western studies also hindered the evaluation of other variables that had been identified as potential risk factors. Nevertheless, our study is unique among Asian populations, in which the incidence of CD is increasing, as we have included long-term (>35 years) surgical outcomes and an analysis of anti-TNF-α antibody use.
In summary, our long-term follow-up results confirmed a high rate of reoperation for gastrointestinal CD in the Korean population. An age <17 years at diagnosis, penetrating disease behavior, and no azathioprine use were verified risk factors for reoperation. However, we were unable to demonstrate a prophylactic effect of anti-TNF-α antibody therapy against reoperation.
